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For some years, the art pf growing mammalian cells in tissue culture has been at the heart of a number 
of fields of research in the biological sciences. Such cells are grown in tissue culture as sources of 
biochemical products, and for fundamental studies in biochemical and biotechnatogical processes. Mamma- 
lian cells growing in tissue culture are vital to substantially all of the recent advances in molecular biology. 

Accordingly, research on tissue culture methods is presently of great importance, and numerous 
researchers are studying tissue culture conditions and the mechanisms which occur in tissue cultured cells. 
The present invention belongs to the art of biochemistry, and-particularjy to the art of tissue culture. 
The present invention provides a method of growing. inVsemhvfree tissue culture medium, mamma- 
lian cells which are suitable for growth in tissue culture and respond positively to the presence of insulin in 
the tissue culture medium, wherein the tissue culture medium contains from about 0.1 to about 10.000 
nanograms of arglnyl-A-O-insufln per milliliter. 

The invention also provides a i serum-free culture medium adapted to the growth of mammalian cells in 
tissue culture, comprising from about 0.1 to about 10.000 nanograms of arginyl-A-O-insuiin per milliOter. 

The present invention is characterized by the use of arginyWV-O-insulin (AAO-insuBn)* a^ a; growth- 
improving agent in tissue culture media for the growth of mammalian cells. AACMnsulin is a by-product in 
the process of preparing human insulin (HI) from human proinsuBn. The process has been published in 
some detail and begins with human proinsulin covaJenby attached to a deavable leader sequence which is 
svrrthesized by microorganisms genetically modified for that purpose. Frank. B. H.. and Chance. R. E. 
(1983) Munch. Med. Wschr.. 125 (SuppJ. 1) 1*20. Frank. B. H., and Chance, R. E. (1985) Symposium -Quo 
Vadis r Sarnyfi TMa y 29-30^ fouIouse-Labege, France, pp. 138-146. Frank, B. H., Petee, J. M.. Zimmerman, 
a E. and Burck. P J. (1981) In Peptides: Synthesis-Structure-Function. Proceedings of the Seventh 
American Peptide Symposium. D. H. Rick and E. Gross eds„ Pierce Chemical Co.. Rockford. III., pp. 729- 
738. The proinsulin is cleaved with trypsin and carboxy peptidase B. preferably in the presence of metal 
Ions as taught by European Patent Publication 0264250 (U.S. Patent Application 06/917939). 

As is now commonly known, human insulin consists of a 30-amino acid B chain linked to a 21 -amino 
acid A chain through disulfide bridges which link the cysteines at position A-7 and B-7. and the cysteines at 
A-20 and B-19 Human proinsulin is a protein containing 86 amino acids, wherein the glycine at position A-1 
of HI is linked to the threonine at position B-30 through an internal connecting peptide, a 35-ammo acid 
chain. The connecting peptide is removed by cleavage in the process which converts human proinsulin to 
HI 

* The cleavage process is not of course, perfectly efficient, and some by-products result from imperfect 
cleavage Cn^ucH by-product is arginykA-O-insuIin. which differs from HI in having one extra argmyl 
group/attached at position A-1. the amine terminus, of human insulin. That by-product may be separated 
from HI by cation exchange chromatography, as shown below in Preparation 1 . 

Interestingly AACMnsulin is less potent than is HI in in vivo blood glucose lowering effects in rabbits. In 
the rabbitt assay. AAO-insulin was 75% as effective, mole for mole, as HI itself. However. AAOinsuhn is at 
least as effective in stimulating the growth of mammalian cells in tissue culture as is insulin. 

When biologists and biochemists first began to grow mammalian cells in tissue culture, it was 
conventional to grow them in tissue culture media which contained animal serum in concentrations >n the 5- 
10% range The serum provided valuable nutrients to the cells, and many important experiments have been 
carried out in such cultures. The desire for more precise experiments, however, have led to growth of tissue 
culture cells in defined media, wherein ail the constituents are purified and accurately characterized 
chemical entities. One of the substances which should or must be added to defined media for the proper 
qrowth of many cells is insulin. 

For example, the following cell types have been described in the literature as responding positively to 

the addition of insulin to tissue culture media. 



Rat pituitary carcinoma 
Human cervical carcinoma 
Canine kidney carcinoma 
so Rat neuroblastoma 
Mouse melanoma 
Rat glioma 

Human breast carcinoma 
Rat ovary 

Mouse embryonal carcinoma 
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Mouse testes 

Human colon carcinoma 

Baib/c mouse embryo 

Rat myoblast 
5 Human lung epidermoid carcinoma 

Hamster kidney 

Human fibroblast 

Human epidermoid carcinoma 

Rat thyroid 
to Mouse embryo 

Mouse lymphoma 

She aeady°^u»n is a common necessary or desirable factor in media for trie culture » of mammalian cells. 
The use of the present invention is desirable in the culture of all mammalian cells which are stimulated by 
insulin In the culture medium. Thus, the nature or source of the cells to be used Is not a limitation on the 
present Invention. ^ 

Neither is the tissue culture medium a limiting factor. Serum-free tissue culture media have been 
extensively studied and published for 30 years or more. As a source of Information about media for the 
convenience of the reader, the following references are suggested and are incorporated herein by 

20 TaymTa^d Blackman. Culture Media for Propagation of Mammalian Cells, Viruses and Other Biologicais. 
Advances in Biotechnological Processes 5. 1-30. A a Liss. Inc. (1985) 

H^T^McKeehan. Methods Enzyrnol. 58. 44-93 (1979) ^ . . . 

ThV Growth Requirements of Vertebrate ~C*ls In Vitro. Waymouth. Ham and Chappie, Eds.. Cambndge 

25 M^f^tZL Culture of Cells of the Endocrine System. Barnes. Sirbasku and Sato. Eds.. A. R. 

^ S In^eri 1 ^ ) serum-free culture media - for mammalian cells are made up of numerous ingredients 
inH„rff,« essential amino acids such as arginJne, cysteine. Wstidine. methionine and the like; of non- 
30 £25 X?Sm" alanine, aspa^ine, glycine and the like: and amino acid derivatives such as 
STone, hydroxyproline. putrescine and the like. They also usually contain vrtamins such as fol.c acid, 
SoT r^ Ja^T r^totherUc acid, pyridoxine, riboflavin and vitamin B12. Carbohydrates such as 
SSse a^d p^uvate^re used, as often are nucleic add derivatives such as adenine, hypoxanth.ne and 

thymidine. ^ a rf ^ ^ M choline and inositol, and Inorganic ions including 

calcium magnesium, sodium, phosphate arJTthe like. Inorganic trace elements such as cobalt. Jrojv 
Senil JT«c are frequently included. Culture media are very often buffered tomaintain the desired 
P H oftfn wm, bicarbonate ion or carbon dioxide gas. The Ham and McKeehan article cited above , is a 
oarticularty good source of formulae of media which have been proved by successful use and are familiar in 

« L art An even more detailed description of tissue culture media can be found m the TCA Manual, 
oublished bv the Tissue Culture Association. 12111 Park Lawn Drive. Rockville. MD. 20852. 

As explained above. AACMnsutin Is found as a by-product in the preparation of HI from human 
nroin^lin and is accordingly, readily obtained for use in the present invention by mere isolation from the 
Sure Hi product stream. The following Preparation illustrates a chromatographic procedure useful for that 

4S isolation, and a crystallization step for the purification of the AACMnsulin. 
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Preparation 1 



Chromatography 



A mixture containing AAOinsuIln and HI was dissolved in 32 ml of buffer containing 7M urea, 0.05M 
sodium acetate and 0.1M sodium chloride at pH 3.8. A 1 X 15 cm chromatography column was packed with 
Sulfopropyl TRISACRYL resin, made by Reactifs IBF. a division of Rhone-Poulenc, as 40-80 micron 
particles The AACHnsulin solution was placed on the column, and was eluted with 9 column volumes of a 
gradient buffer of the same composition described above, except that the sodium chtonde concentration 
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f« 0 3M The flow rate was 1 ml/minute. The effluent from the column was monitored by absorption at 
^ I t was found that the insulin came off first and it had substantially all eluted in the first 70 ml after 
toZt of the gradient edition. Then the AAO-insufin came off. and was collected in the effluent from 72- 
105 ml to obtain a fraction rich in AAOinsulin with very little contaminating HI. 
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Crystallization 

a 840 ml oortion of AAOinsulin product solution, containing 2-32 g of AAOinsuBn. was adjusted to pH 
80 withf0% sodium hydroxide. The solution was concentrated to 260 ml at 4 C using a 3000 molecular 
weioM cutoff membrane. The concentrated solution was then diafiltered. with 280 ml of de.on.zed water, 
^solution was diluted to a concentration of 2 g of protein per liter, and 16.2 ml of glacial acet.c acd and 
So ml of deionfced water were added to make the solution 0.25M in acetic acid, ft was then warmed to 
„• c Ja 093 ml of 20% aqueous anc chloride was added. The pH was adjusted to 6.0 with concentrated 
ammonium hydroxide, and the mixture was stirred at 23" C for four hours. It was then cooled to 4 C. and 
^ mfaZa was incubated at that temperature for 16 hours without stirring. Then the supernatant was 
decanted, and the thick crystalline slurry which remained was centrifuged. The crystals were washed twice 
Eunfed water and then twice with absolute ethanol. using 23 ml for each wash. The crystals were dned 
in vacuum at ambient temperature to obtain 2.1 1 g of essentially pure AAOinsulin. 



Example 1 



„ AAOinsulin was used in the growth of Chinese hamster ovary cells in a serum-free medium which has 
baen^wnTbTeffectJve for growing such cells. The medium is composed of three parts of Dulbecco's 
note's m e ST(0 M rand 9 one part (by volume) of Ft 2 medium, w*, the addition of 10-M 
Xium SOttM ethanofamine. 20mM hydroxyethytpiperazlne ethanesulfomc acd and 1 ug/ml of human 
founts of AAOinsulin named in the table below were added to vanous portions of the 
„ 21^115 were grown on 12-well Coming dishes, which were pre-treated with lam.nm. a protein 
30 1th prom^cSl at^nent and spreading on the culture wells. Each condition wee run in duplicate. 

E^hcufture well full of medium was inoculated with 25.000 cells on day 0 of the expenment. and was 
™,nf«i with a Colter Counter on day 6. Four different tots of AAOinsulin were used in these expenments. 
^e Sn^or^ o^Wrllln which was added to the culture medium as a solution in 0.1N 
as hydrochloric acid, are expressed in nanograms per milliliter in alt cases. 

"TcS^xperiments without the addition of insulin or AAOinsulin to the culture medium, the number 
of cells was from 10 000 to 200.000 cells per we!L The same cells, grown in the same medium containing 
HI or beef insulin instead of AAOinsulin. grew as well as in the experiments described here. 



AAO-tnsutin 


Number of Cells (x1 .000) 


Concentration 










ng/ml 


Lot A 


Lot B 


LotC 


Lot D 


0.25 


380 


280 


270 


330 


1 


370 


360 


330 


270 


2.5 


480 


420 


420 


380 


10 


540 


550 


540 


470 


25 


600 


600 


530 


510 


100 


670 


840 


580 


580 



The above experiments show the effectiveness of AAO-insulin in stimulating the growth of cells which 
respond to insulin in tissue culture. Indeed, the average number of cells per well in these tests was 
55 increased to from 240,000 to 610.000. depending on concentration of AACHnsul.n. 
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1 A serum-free tissue culture medium adapted for the growth of mammaJian cells, comprising from 
ah^it m to about 10 000 nanograms of arginyl-A-0 insulin per milliliter. 

^^2. A med^m of C^m^wherein the concentration of arginyhA-0 insulin is from about 1 to about 1,000 

^Trn^um TSbn 2 wherein the concentration of arginyl-A-O insulin is from about 1 to about 100 

"■"4 7ZZ?«^r*. in a tissue culture medium of Claim 1. mammalian cells which are sutable for 
growtfi ai tissue culture and which respond positively to the presence of insulin in tissue culture mecHura 

5 A mSod of growing, In a tissue culture medium of Claim 2. mammalian cells which are suitable for 
a hi M culture and which respond positively to the presence of Insulin in tissueoufture medium. 
9 BA rSod of growing, m a tissue culture medium of Claim 3. mammalian cells which are suitable for 
grow* inteue culture and which respond positively to the presence of insulin in tissue culture medium. 
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@ improved tissue culture method. 

© Arginyi-A-O insulin, a by-product of the biotech- 
nological synthesis of human insulin from human 
proinsulin. is added to serum-free tissue culture me- 
dia to stimulate the growth of mammalian cells which 
respond positively to insulin in tissue culture. 



CO 
< 

rs 

CM 
CO 



CD 
CO 



a. 

UJ 



Xerox Copy Centre 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 90 30 1902 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



0.Y 



Y 
A 



MUNCHENER MEDIZINISCHE WOCHENSCHRIFT 
no. 125, suppl. 1, 1983, pages 14-20, 
Munchen, DE; B.H. FRANK et al.: "Two 
Routes for Producing Human Insulin 
Utilizing Recombinant DNA Technology" 
abstract; page 18, figure 6 * 



PATENT ABSTRACTS OF JAPAN 
vol.10, no. 49 (C-330)(2106), 26 
February 1986; & JP - A - 60 196186 
(KOGYO GIJUTSUIN) 04.10.1985 * whole 
document * 



Citation of docn—t with indication, where appropriate, 
of relevant passages 



US-E- 30 985 
* abstract * 



(O.A. CARTAYA) 



Toe present starch report has been drawn op for all cfai°« 
' Me or 



Relevant 
to claim 



1 

4 

1,4 



FU« of torch 

BERLIN 



cltou of tfaa WtXtfc 

17-08-1990 



CLASSIFICATION OF THE 
APPLICATION (int. CJ.5) 



C 12 N 5/00 



TECHNICAL FIELDS 
LOS) 



C 12 N 

C 07 K 



5/00 
7/00 



GURDJIAN D P M 



CATEGOKY OF CITED DOCUMENTS 

X : partlcotatly relevant If * # . 

V : particularly relevant If combined with another 

document of the same category 
A : technciogfcaJ Background 
O : non-written disclosure 
P ; intermediate doeameat 



T : theory or principle underlying the Invention 
E : earlier patent document, bat published on, or 

after the filing date 
D : document died in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



